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O objetivo deste trabalho foi analisar o aumento da espessura do rebordo 
alveolar, bem como a perda óssea periimplantar e o índice de sobrevivência de 
implantes dentários instalados em área enxertada. ARTIGO I: Para avaliação da taxa 
de sobrevivência dos implantes em área enxertada, foram avaliados 10 pacientes 
submetidos a reconstrução de maxila atrófica com enxerto autógeno de crista ilíaca 
entre os períodos de 2008-2011. Variáveis como diâmetro e comprimento dos 
implantes, uso de cigarro, diabetes, tipo de perda dos implantes, bem como região da 
perda dos mesmos foram pesquisadas. Além disso, foi aplicado um questionário de 
satisfação com o tratamento a esses pacientes. A taxa de sobrevivência foi de 98.60% 
após média de 7.9 anos de acompanhamento. Dos 76 implantes instalados, apenas 
uma perda foi observada, sendo esta em um paciente não diabético e não tabagista. 
Todos os pacientes relataram satisfação com o tratamento e ausência de 
complicações. Deste modo, concluiu-se que a utilização da crista ilíaca na 
reconstrução de rebordos atróficos proporcionou adequada sobrevivência dos 
implantes e satisfação dos pacientes. ARTIGO II: Para avaliação da perda óssea 
periimplantar, 10 pacientes submetidos à reconstrução de maxila atrófica com enxerto 
autógeno de crista ilíaca e posteriormente reabilitados com implantes dentários, entre 
os períodos de 2008-2011, foram avaliados correlacionando esses resultados com o 
tipo de reabilitação da arcada antagonista. Para isso, os referidos pacientes foram 
submetidos à Tomografia Computadorizada de Feixe Cônico (TCFC) e utilizou-se o 
programa Dolphin Imaging® 11.5 para realização da medição da perda óssea 
considerando a distância entre a junção do implante com o intermediário até a crista 
óssea vestibular e palatina. A média de perda óssea periimplantar foi de 3.94mm após 
acompanhamento médio de 7.9 anos. Não houve diferença estatisticamente 
significante considerando a perda óssea periimplantar e o tipo de reabilitação da 
arcada antagonista (p= 0,262). Nenhuma correlação da perda óssea com o tipo de 
arcada antagonista foi observada (r= -0.08; p=0.925). Diante disso, conclui-se que 
apesar da existência de perda óssea considerável ao redor dos implantes, não existe 
nenhuma correlação direta com o tipo de arcada antagonista. ARTIGO III: O aumento 
da espessura óssea do rebordo alveolar foi avaliado por meio da técnica Split Crest. 
Para isso, 13 pacientes tiveram sua atrofia da região anterior de maxila reconstruída 
através desta técnica. TCFC realizadas no pré e pós-operatório de 6 meses foram 
analisadas no programa Dolphin Imaging® 11.5 buscando-se identificar a altura 
(distância entre o soalho da fossa nasal ou do seio maxilar até a crista óssea alveolar) 
e a espessura óssea (distância entre a cortical vestibular e a cortical palatina ao nível 
da crista óssea, a 5mm e a 10mm desta). A perda óssea em altura foi de 0.68mm, 
sendo este resultado estatisticamente significativo (p=0,01). O ganho ósseo em 
espessura médio foi de 2.97 milímetros, sendo estatisticamente significante nas 3 
regiões de avaliação (p<0,01). Nenhuma complicação foi associada aos 
procedimentos cirúrgicos e nenhum implante foi perdido. Desta forma, concluiu-se que 
a técnica Split Crest propiciou um aumento significativo na espessura do rebordo e 
100% de sobrevivência dos implantes instalados antes da reabilitação. 
 

























The aim of this study was to analyze the increase in alveolar ridge thickness, 
peri-implant bone loss, and the survival rate of dental implants installed in a grafted 
area. ARTICLE I: To evaluate the survival of implants in the grafted area, 10 patients 
undergoing reconstruction of the atrophic maxilla with autogenous iliac crest graft 
between the periods 2008-2011. Variables such as diameter and length of implants, 
smoking, diabetes, type of implant loss, and loss region of the implants were analysed.  
In addition, a questionnaire of satisfaction with the treatment was applied to these 
patients. The survival rate was 98.60% after an average of 7.9 years of follow-up.  Of 
the 76 implants installed, only one loss was observed, which was in a non-diabetic and 
non-smoker patient.  All patients reported satisfaction with the treatment and no 
complications. Thus, it was concluded that the use of the iliac crest in the 
reconstruction of atrophic borders provided adequate survival of the implants and 
patient satisfaction. ARTICLE II: An evaluation of the bone loss around the implants 
installed in 10 patients undergoing reconstruction of the atrophic maxilla with 
autogenous iliac crest graft between the periods 2008-2011 was performed, correlating 
these results with the type of rehabilitation of the antagonist arch. For this, they were 
submitted to Cone Beam Computed Tomography (TCCB) and using the Dolphin 
Imaging® 11.5 program, the bone loss was measured considering the distance 
between the junction of the implant and the abutment to the buccal bone crest and 
palatal.  The mean peri-implant bone loss was 3.94 mm after a mean follow-up of 7.9 
years. There was no statistically significant difference considering the peri-implantar 
bone loss and the type of rehabilitation of the antagonist arch (p = 0.262).  No 
correlation with the type of antagonist arcade was observed (r = -0.08; p = 0.925). 
Therefore, it is concluded that despite the existence of considerable bone loss around 
the implants, there is no direct correlation with the type of antagonist arch.  ARTICLE 
III: The increase of the bone thickness of the alveolar ridge was evaluated through the 
Split Crest technique. For this, 13 patients had atrophy of the anterior region of the 
maxilla reconstructed through this technique. 6-month pre and postoperative 
computerized tomography scans were analyzed in the Dolphin Imaging® 11.5 program 
to identify the height (distance between the floor of the nasal fossa or the maxillary 
sinus to the alveolar bone crest) and bone thickness (distance between the cortical 
vestibular and the cortical palatine at the level of the bone crest, 5 mm and 10 mm). 
The bone loss at height was 0.68 mm, and this result was statistically significant (p = 
0.01). The bone gain in mean thickness was 2.97 mm, being statistically significant in 
the three evaluation regions (p <0.01).  No complication was associated with surgical 
procedures and no implant was lost. In this way, it was concluded that the Split Crest 
technique provided a significant increase in the thickness of the ridge and 100% 
survival of the installed implants. 
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O tecido ósseo, por ser um órgão dinâmico, está em constante processo 
de remodelação e após a perda dentária está sujeito a uma reabsorção fisiológica. 
Essa reabsorção acontece porque o tecido ósseo é privado de estímulos adequados, 
ocorrendo um contínuo turnover metabólico que pode ocasionar grandes perdas 
ósseas (Moheng and Feryn, 2005). Essas alterações implicam em mudanças 
estruturais do processo alveolar da maxila, como diminuição da altura e ou espessura 
do rebordo, pneumatização do seio maxilar, superficialização da espinha nasal 
anterior e dos forames palatino maior e incisivo (Persons, 2004).  
O tratamento dessa atrofia óssea dos rebordos alveolares continua sendo 
um desafio na reabilitação dos pacientes que necessitam de implantes dentários. O 
conceito básico de osseointegração, descrito por Branemark (Brånemark et al., 1969; 
Rahal et al., 1993) como “conexão direta, estrutural e funcional entre o tecido ósseo 
normal e o implante em função”, já estabelece a necessidade básica de um 
remanescente ósseo circundante ao implante para o sucesso do tratamento.  
A prática cirúrgica de enxertia óssea cada vez mais empregada na rotina 
dos pacientes com rebordos atróficos, podendo ser realizadas diferentes técnicas com 
a utilização de enxertos autógenos, alógenos, xenógenos ou aloplásticos (Silva et al, 
2006). 
Um enxerto ideal deve apresentar três propriedades: osteocondução, 
osteoindução e osteogênese. Na osteocondução, o enxerto atua como um arcabouço 
para que as células se proliferem para a área enxertada; na osteoindução, o enxerto 
estimula as células indiferenciadas ou osteogênicas na formação de tecido ósseo, 
devido à presença de fatores de crescimento ósseo, denominados como proteína 
óssea morfogenética (POM). Por fim, a osteogênese é a capacidade que o enxerto 
tem de transferir, junto de si, células viáveis (osteoblastos e células 
osteoprogenitoras), que iniciarão o reparo ósseo (Mjör, Fejerskov, 1990). Devido ao 
potencial osteogênico o osso autógeno é considerado o padrão ouro para maioria dos 
procedimentos reconstrutivos. Os sítios doadores podem ser extraorais -  incluem a 
região da crista ilíaca, calvária, costelas, fíbula e tíbia, ou intraorais, que incluem 
sínfise mandibular, corpo mandibular e ramo mandibular.  No entanto, a morbidade 
associada com a remoção de osso desses locais é fator que dificulta a aceitação do 
paciente para o procedimento (Harsha et al., 1986).  
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Em pacientes com atrofias severas de rebordos, com espessura menor do 
que 2mm e com necessidade de reconstruções com mais de 4 elementos, a crista 
ilíaca é considerada o padrão ouro, devido as propriedades de osteogênese, 
osteoindução e osteocondução (Nóia et al., 2014), no entanto a taxa de remodelação 
óssea não está totalmente elucidada e pode comprometer a sobrevivência dos 
implantes a longo prazo.   
A porção anterior da crista ilíaca é um sitio doador mais comum devido a 
presença de um segmento maior de osso cortical, já a porção posterior apresenta-se 
como um sitio doador de osso medular associado a menores taxas de complicações 
e perda do enxerto (Taha et al., 2013). 
Uma revisão sistemática realizada por Clementini et al. 2011, avaliou a taxa 
de sucesso dos implantes instalados em áreas enxertadas. Os resultados mostraram 
uma taxa de sobrevivência variando entre 84,8% a 97% com períodos de 
acompanhamento de 6 meses a 10 anos, demonstrando taxas semelhantes aos 
implantes instalados em áreas não reconstruídas (Clementini et al., 2011; Souza, 
2017). 
O enxerto de crista ilíaca, esse procedimento está, além do grau de 
morbidade apresentado, associado a necessidade de um ambiente hospitalar com 
uma equipe auxiliar para retirada do enxerto da área doadora. Em relação a satisfação 
do paciente, Fretwurst et al, em 2015, avaliaram 20 pacientes submetidos a 
reconstrução com enxerto de crista ilíaca e suas queixas pós-operatórias, o 
procedimento foi realizado com sucesso em todos os pacientes, os autores 
observaram uma relação entre o alto valor de IMC (Índice de massa corpórea), acima 
de 30,0, e dificuldade para deambulação além da ausência de correlação da 
morbidade com a idade do paciente. As queixas mais comuns foram a dor e o distúrbio 
sensitivo transitório e o índice de satisfação dos pacientes com o procedimento foi de 
95% (Fretwurst et al., 2015). 
Com o objetivo de comparar retrospectivamente o sucesso e a perda óssea 
ao redor de implantes instalados em regiões enxertadas com crista ilíaca, Tosun e 
colaboradores, 2017, avaliaram um total de 103 implantes instalados, divididos em 
dois grupos, 63 implantes instalados após a reconstrução e 42 implantes instalados 
simultaneamente ao enxerto de crista ilíaca. O grupo com instalação posterior dos 
implantes obteve 92% de sobrevivência e o com instalação simultânea dos implantes 
foi demonstrada taxa de 100% de sobrevivência. Em relação a perda óssea, os valores 
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médios de reabsorção foram 0,49 mm no grupo tardio e 1,31 mm no grupo simultâneo, 
representando um aumento estatisticamente significante da perda óssea quando os 
implantes são instalados no mesmo tempo cirúrgico que o enxerto (Tosun et al., 2017). 
Nyström et al. relataram valores médios de reabsorção de 1,61 mm, 3,34 mm, 3,66 
mm e 4,88 mm aos 6 meses, 1 ano, 2 anos e 3 anos, respectivamente, para implantes 
instalados  após enxerto ósseo ilíaco autógeno, com sobrevida de 91% (Nyström et 
al., 1996). 
Apesar disso, não são encontrados na literatura trabalhos com 
acompanhamento a longo prazo, que avaliem especificamente fatores como a 
sobrevivência de implantes, perda óssea periimplantar e satisfação dos pacientes com 
a reconstrução dos rebordos atróficos por meio de enxerto proveniente da crista ilíaca. 
Em rebordos com atrofia horizontais moderadas, cujo remanescente ósseo 
seja de até aproximadamente 3mm, uma opção viável é a realização de uma 
expansão cirúrgica. A técnica Split Crest possibilita essa expansão e preconiza a 
realização de duas osteotomias verticais nas laterais do defeito, com uma osteotomia 
horizontal na crista do rebordo, visando a separação das corticais vestibular e 
lingual/palatina, com o auxílio de instrumentos expansores, manuais ou rotários, 
permitindo o aumento horizontal do rebordo e com isso a instalação imediata de 
implantes dentários com complemento de biomaterial para auxilio da estabilidade e 
do volume ósseo (González-García et al., 2011).  
Os índices de complicações associados a esse procedimento são baixos e 
relacionados em sua maioria à fratura da tábua óssea vestibular, que pode ser 
corrigida com o auxílio de um parafuso de enxerto para a estabilidade do fragmento. 
O procedimento possui a vantagem de não utilizar uma segunda área para doação do 
enxerto, diminuindo assim a morbidade do procedimento, além do menor tempo de 
tratamento e do número de procedimentos associados. As taxas de sobrevivência 
encontradas na literatura são semelhantes às dos implantes instalados em áreas não 
enxertadas (Waechter et al., 2017). No entanto, o número de estudos com o objetivo 
de avaliar os resultados desta técnica é bastante escasso. 
Diante do exposto, o objetivo deste trabalho foi como avaliar a perda óssea 
periimplantar e o índice de sobrevivência de implantes dentários instalados em área 
reconstruída com osso autógeno de crista ilíaca. E analisar o aumento da espessura 






2.1 Artigo:  Analysis of the survival of dental implants installed in reconstructed 
maxilla with autogenous iliac crest graft – 7-9 years follow-up 
Carolina Santos Ventura de Souza*; Rafael Ortega-Lopes; Andres Caceres Barreno; 




Objective: To analyze the survival of dental implants installed in reconstructed maxilla 
with autogenous iliac crest graft, as well as to assess (by means of a questionnaire) 
the satisfaction of these patients with the performed treatment.  
Material and Methods: By medical record review and clinical/radiographic 
assessment, 10 patients with severe maxillary atrophy who underwent reconstruction 
with autogenous iliac crest graft and rehabilitation with dental implants between 2008 
and 2011 were assessed for the survival of the implants, considering variables such 
as: diameter and length of the implants, use of cigarettes, presence of diabetes, type 
and region of the lost implants. In addition, a questionnaire with specific questions on 
the satisfaction with the treatment was applied to each patient. 
Results: Of the seventy-six implants were installed in the sampled patients, and only 
one loss was observed (late loss in the anterior maxilla region), which corresponds to 
98.60% of survival after average follow-up of 7.9 years. Most of the installed implants 
had regular diameter and average length (most frequent = 3.75x10mm). One sampled 
patient was only diabetic, while a second patient was a smoker and diabetic. No loss 
of implants was observed in these patients. All of the patients reported being totally 
satisfied with the treatment and would undergo the procedure again or refer it to a 
friend/relative. Oh the 10 patients, 6 reported regular maintenance of the prosthesis 
and only 3 had changed the prosthesis until the present moment. 
Conclusion: The results of this study suggest that the reconstruction of the maxilla 
with autogenous iliac crest graft provides adequate survival of implants and patients’ 
satisfaction. 







Alveolar reconstructions are effective and widely used procedures to obtain 
appropriate bone volume aiming rehabilitations with dental implants in areas with 
atrophy ridge.  Due to the high osteoinductive and osteogenic potential, the 
autogenous bone grafts are considered by the literature as the gold standard for 
reconstructions. When a large bone volume is necessary, the iliac crest region is the 
most indicated donor area (Nyström et al., 2009).  
In contrast, the use of this donor area has some disadvantages to the 
patients, such as higher morbidity, difficulty of deambulation, need for hospitalization 
and general anesthesia, in addition to the risk of iliac infection and/or fracture. All of 
this makes this procedure difficult for patients to accept (Hof et al., 2014).  
Another important aspect concerns the survival rate of installed implants in 
the reconstructed area, since some studies in the literature indicate that their survival 
is lower than those installed in maxilla, of native bone. In this sense, Nyström et al. 
showed that the implant survival rate was 50.9% in grafted areas and 83.1% in non-
grafted areas (Nyström, 2004). Still according to these authors, the loss of implants 
occurred mainly in the first 3 to 5 years, and no loss was observed after 5 years of 
follow-up. However, this low survival rate of implants in reconstructed areas differs 
from Sbordone’s results that described 100% survival in 16 patients treated with bone 
reconstruction through iliac crest grafting (Sbordone et al., 2012a). In light of these 
distinct results that are presented in literature, further studies are needed to elucidate 
this issue. 
Certain local and systemic conditions are known to influence the 
osseointegration process of dental implants. Factors such as low insertion torque due 
to poor bone quality or incorrect surgical technique are considered the main conditions 
that may be associated with failures in osseointegration.  
On this, the objective of this study was to analyze the survival of dental 
implants installed in the reconstructed maxilla with autogenous iliac crest graft, as well 
as to assess (by means of a questionnaire) the satisfaction of these patients with the 
treatment performed. 
 





Ten (10) patients (6 females and 4 males), with average age of 60 years 
(varying between 49 and 70 years old) were included in the sample, who sought, in 
Piracicaba Dental School from Campinas State University (FOP-UNICAMP), for the 
treatment of severe jaw atrophy and further rehabilitation with dental implants, in the 
period between 2008 and 2011. After clinical and radiographic assessment these 
patients were diagnosed with Class IV, V or VI of Cawood& Howell, 1998 (Figure 1a-
b).  
 
Figure 1: A: Clinical intraoral view of alveolar ridge with severe jaw atrophy and included in the study. 
B: Panoramic radiograph demonstrating the extensive pneumatization of the maxillary sinuses and the 
need for reconstruction. 
 
Patients with health conditions that contraindicated the surgical procedures 
were excluded from the sample, as well as those who did not return for control 
evaluation and/or abandoned the treatment. Patients with uncompleted medical 




The bone reconstructive surgery was performed in a hospital environment, 
with the patients under general anesthesia and nasotracheal intubation. In the 
beginning of the procedure 2g of the antibiotic Cephalosporin (Kefazol®, Antibióticos 
do Brasil, São Paulo-Brazil) and 10mg of the steroidal anti-inflammatory drug 
Dexamethasone (Hypofarma, Ribeirão da Neves-Brazil) were administered. 
An infiltration of 10ml with local anesthetics (Lidocaine 2%) with 
vasoconstrictor 1:100.000 (Xylestesin, São Paulo-Brazil) was applied aiming to obtain 
hemostasis in the operative field.  The surgical access in the region of alveolar ridge 
of the maxilla spread out between the zygomatic pillars bilaterally. Subsequently, the 
bilateral jaw sinuses were accessed through the traumatic technique and the elevation 





Figure 2: A: After mucoperiosteal incision and displacement it was possible to evidence the existing 
bone atrophy. B: Access to the jaw. Note the elevation of the sinus membrane creating a filling space 
with particulate bone graft. 
 
A cortical-medullary bone block was removed from the previous iliac crest 
by an Orthopedist and divided in smaller blocks, then these blocks were compressed 
undergoing changes in their structure and improving predictability of the remodeling 
rate, and were installed in the alveolar ridge region and stabilized by 2.0x12mm 
titanium screws (Neortho, Curitiba-Brazil). Crushed bone graft was placed between the 
bone blocks and in the jaw sinuses (Figure 3). Suture with a Vycril 4-0-type 
reabsorbable wire (Ethicon, Rio de Janeiro-Brazil) was performed in the intraoral 




Figure 3: Notice the reconstruction homogeneity after filling of the maxillary sinuses, bone blocks 
installation and filling of gaps between blocks with crushed bone. 
 
The patients were discharged from the hospital in the first day following the 
operation and instructed to not make use of the prosthesis on the grafted area in the 




After a period of 4 months, the patients were submitted to Cone Beam 
Computed Tomoghaphy (CBCT) for implant planning and surgical procedure for 
installation in an outpatient setting, under local anesthesia (Figure 4). 
 
 




An infiltration of 10ml with local anesthetic (Mepivacaina 2%) with 
vasoconstrictor 1:100.000 (DFL, São Paulo-Brasil) was applied aiming to obtain 
anesthesia and hemostasis in the operative field.  The surgical access in the alveolar 
ridge area of the maxilla extended bilaterally between the zygomatic pillars, allowing 
the removal of the graft screws as well as the milling for implant installation, according 
to reverse planning and surgical guide (Figure 5a). Between 6 and 8 implants with 
hexagonal connection were installed in each patient (Figure 5b) and left to heal in a 
submersed way. Suture with 3-0 silk wire (Ethicon, Rio de Janeiro-Brazil) was used 
seeking closure by first intent. 
 
 
Figure 5: A: After mucoperiosteal incision and displacement, the graft screws were removed. B: 
Implants installed. 
 
The patients received the postoperative instructions and were periodically 
evaluated by the surgical team until the 6th month after the implant installation. In this 






Six months after installed the implants, the patients were submitted to a new 
radiographic exam (Figure 6a) and a reopening surgery for installation of healers 
(second surgical phase), then they were referred to the prosthetist for prosthetic 
rehabilitation over the implants. 
All the patients were rehabilitated with implant-supported complete denture 
(Figure 6b) and instructed about the need for adequate sanitation, as well as return for 




Figure 6: A: Panoramic radiograph evidencing 8 installed implants, as well as the adequate 




Through medical record review and clinical/radiographic evaluation of the 
patients, the following information were collected and analyzed: 
 Age: Age of the patient when submitted to reconstructive surgery. 
 Gender: Male or female. 
24 
 
 Smoker: Patients making daily use of cigarettes. 
 Diabetics: Patients with Type I or II diabetes. 
 Installed implants: Number of implants installed over grafted area. 
 Lost implants: Number of implants that were lost. 
 Implant loss type: Early or late loss 
 Implant loss region: Anterior maxilla region or posterior maxilla region. 
 Diameter and length of the installed implants: Size of the installed 
implants. 
 Follow-up time: Period between the installation of the implants and the 
current date. 
In addition, a questionnaire based on the questionnaire published by Quilles 
et al (2015), with specific questions around the satisfaction with the treatment was 
applied to each patient (Figure 7). 
 
 




Of the 10 patients in the sample, 2 were diabetic and one was a smoker, 
and the smoking patient was also diabetic. A total of 16 implants were installed in these 
patients and none of them was lost or had any complication so far (Table 1). 
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Pacient Age Gender Smoker Diabetic 
1 58 F No Yes 
2 49 F No No 
3 52 F No No 
4 62 F No No 
5 67 M No No 
6 55 M No No 
7 70 M No No 
8 65 M Yes Yes 
9 60 F No No 
10 62 F No No 
Table 1: Characteristics of the patient population studied.  
 
A total of 76 external hexagon implants were installed, and the average was 
7.6 implants per subject. The average time of follow-up per patient was 7.9 years 
(Table 2). Only 1 implant was lost, which results in a survival rate of 98.60%. 
The only implant loss occurred in a male patient and without systemic 
alterations. It was a late loss (during the fourth year after prosthetic rehabilitation) and 
occurred in the anterior region of the maxilla, the implant being 3.75x10mm (Table 2). 
This patient did not perform adequate maintenance of the prosthesis and changed it in 
the fifth year of use. 
All installed implants over the grafted area had regular diameter (3.75 or 
4.0mm) and 8.5mm (short), 10mm, or 11.5mm (medium) lengths. The highest 















1 8 0 ___ _____ 
2– 3.75x8.5; 
 6 – 3.75,10 
7 
2 7 0 ___ _____ 7- 3.75x10 7 
3 8 0 ___ _____ 
2 –3.75x11.5; 6– 
3.75x10 
7 
4 8 0 ___ _____ 
2 – 3.75x8.5; 




Table 2: Results of the survival of implants considering the different variables analyzed. 
 
In relation to the applied questionnaire, all patients reported being satisfied 
with the treatment, would refer it to a friend/relative and would even undergo the 
treatment again (if necessary). No patient reported any type of complication during the 
surgical procedures. Regarding the regular maintenance, of the 10 patients, 6 patients 
reported they performed the maintenance over the years. As for the prosthesis 
replacement, only 3 patients had changed the prosthesis so far (Chart 2). 
 




The survival rate of implants installed in the reconstructed areas is quite 
variable and has been increasing gradually over the years, providing great focus of 









5 6 0 ___ _____ 6- 3.75x10 9 
6 8 1 Late Loss 
Maxilla 
anterior 
2 –3.75x11.5; 6– 
3.75x10 
9 
7 8 0 ___ _____ 8- 4.0x10 8 
8 8 0 ___ _____ 8- 3.75x10 7 
9 7 0 ___ _____ 7- 3.75x8.5 8 
10 8 0 ___ _____ 8- 3.75x10 9 
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discussion, research and scientific work at the present time. Studies such as the study 
by Nystrom et al. 2004, showed a survival rate of only 50.9% of implants in the grafted 
areas with autogenous iliac crest graft.  On the other hand, Moraes et al. 2015, who 
also evaluated the survival rate of implants in the areas submitted to these same types 
of reconstruction, found a survival rate of 88.70%.  Still in relation to the grafts obtained 
from this donor area, Sakkas et al. 2017 and Sbordone et al. 2012 reported a 99.60% 
and 100% survival rate of implants, respectively. In our study the authors confirm this 
trend of increase pointed by the literature and show a 98.60% survival rate of implants 
after an average time of 7.9 years of follow-up.  
This significant increase in the survival of dental implants is a result of the 
evolution and improvement of materials and surgical techniques. Significant changes 
have been made mainly in the geometry and surface of the implants, favoring primary 
stability and osseointegration. Still, the understanding that the microarchitecture of the 
grafts directly influences its incorporation process, caused the surgeons to begin to 
compose grafts in blocks obtained from medullary regions with the iliac crest, thus 
reducing their loss of volume and optimizing the results reconstruction. 
Late loss was the only implant loss reported, after 4 years of prosthetic 
loading and occurred in the anterior region of the maxilla. These results contrast the 
findings by Geckili et al. 2015 and Sakkas et al. 2017 who evidenced the early loss of 
implants as being more common than the late loss, while supporting the findings of 
these authors who state that the anterior region of the maxilla is the most critical area 
for implant survival. 
Most implants installed in the sample had regular diameter and medium size 
(3.75x10), and no narrow or extra-short implants were used, however Fretwurst et al. 
2015, evaluated 32 patients submitted to bone reconstruction with iliac crest graft and 
observed no influence of prosthetic connection and implant length/diameter on implant 
survival. 
Another important factor to be discussed is the use of tobacco and its 
influence on osseointegration and implant survival. According to Liran Levin et al. 2005 
and Chrcanovic et al. 2016, the tabagism is a contributing factor to the failure of 
implants, and a failure rate two times higher for smoker patients was observed. 
However, no harmful effects of smoking on osseointegration and/or implant survival 
were observed in this study, since the smoking patient of the sample did not lose any 
implants and the only implant loss occurred in a non-smoker. 
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Similary results for diabetes melittus, in which two patients of the sample 
had the disease, but no implant loss was observed in these patients. However, Aguilar-
Salvatierra et al. 2016, Gomez-Moreno et al. 2015 and Ghiraldini et al. 2016,  
demonstrated a positive correlation between the maintenance of glycemic indexes and 
a better survival of implants, with reduction of peri-implant complications. 
These results need to be observed with caution due to the limited size of 
the sample and mainly due to the small number of diabetic patients and smokers 
evaluated. 
Regarding the questionnaire applied to the patients, all reported being 
totally satisfied with the treatment and would refer it to a friend/relative and even 
undergo the procedures again if necessary. No patient reported any type of 
complication. Similar results are indicated by Quiles et al. 2015, in a study involving 
patients who were submitted to the removal of skull cap grafts. The patients who 
submitted themselves to these types of reconstructions lived for decades feeling apart 
from society and making use of poorly adapted prostheses, so that the benefits of this 
type of treatment are unquestionable and immeasurable to these individuals.  
Still, results related to the regular maintenance and replacement of the 
prosthesis showed that there was no complete adhesion by the patients (of the 10 
patients only 6 performed the regular maintenance and only 3 had the prosthesis 
replaced) regarding the importance of this maintenance therapy. However, up to date, 
it seems these results did not directly influence the survival of the implants, requiring a 
deeper view and conduction of new studies in this field, such as the assessment of 




The results of this study suggest that the reconstruction of the maxilla with 
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2.2 Artigo: Analysis of the bone loss of dental implants installed in 
reconstructed maxilla with autogenous iliac crest graft correlating with 
antagonist arch type – 7-9 years follow-up-  Part II. 
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Objective: To evaluate bone loss by Cone Bean Computed Tomography (CBCT) of 
implants installed in reconstructed maxilla with autogenous iliac crest bone graft, 
correlating with the antagonist arch type. 
Materials and methods: Ten patients submitted to maxilla reconstruction with 
autogenous iliac crest bone graft and rehabilitation with implants between 2008 and 
2011 were included. The peri-implant bone loss was measured using CBCT through 
the software Dolphin Imaging® 11.5, considering the distance between the implant-
abutment junction until the vestibular and palatal bone crest. The obtained data was 
correlated with the antagonist arch. The statistical analysis included ANOVA test with 
post hoc Tukey’s test and Spearman’s correlation (5% significance). 
Results: The average peri-implant bone loss was 3.94mm. According to antagonist 
arch type, the average peri-implant bone loss was: Permanent dentition= 3.89mm, 
Implant-supported complete denture = 4.13mm, Removable prostheses and 
permanent dentition= 2.13mm, and Partial edentulism= 4.56mm, however there was 
no significant statistical difference considering peri-implant bone loss and the 
antagonist arch type (p=0.262). There was no correlation between the antagonist arch 
and peri-implant bone loss (r=-0.08; p=0.925). 
Conclusion: Although the peri-implant bone loss was considerable, the antagonist 
arch type has no correlation with the amount of bone loss during the follow-up period.  




The constant process of alveolar bone remodeling occurs after tooth 
extraction over the years. It occurs because the alveolar process has the function of 
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supporting the teeth, once it is removed, there is no more stimulus which leads to 
enhance the physiological bone remodeling. In addition, the prolonged usage of 
conventional prosthesis poorly adapted or suffering from the actions of antagonist arch, 
or even by the presence of pneumatized maxillary sinuses, constantly results in severe 
maxilla atrophy, with insufficient bone quality and quantity for dental implant installation 
(Misch, 2008; Cavalcantiet al., 2018,). 
Atrophic maxilla reconstruction by autogenous bone grafting using the 
anterior iliac crest as a donor area is reported in literature as a viable procedure, 
showing good clinical results, providing and keeping osseointegration along the years. 
As an autogenous graft, this donor area has osteogenic properties considered ideal for 
bone neoformation (osteoconduction, osteoinduction and osteogenesis) (Marx, 2017). 
On the other hand, this surgical procedure is performed in a hospital surgical center 
under general anesthesia, which entails higher costs for patients. In addition, it shows 
higher morbidity, which may result in sensorial loss, mobility limitation and even 
instability of the sacroiliac joint (Kuiket al., 2016; Putters et al., 2018).   
Currently, a great controversy in Implantology concerns the longitudinal 
behavior of implants placed in extensive bone reconstructed areas. There are few 
studies with long term follow-up which evaluate bone volume maintenance, peri-
implant bone loss and the influence of conditions related to gender, smoke, systemic 
diseases and the action of the antagonist arch (Nyströmet al., 2008; Gulinelli et al., 
2017; Nkenke, Neukam, 2014). 
The physiological peri-implant bone loss is a normal process which occurs 
over the time. According to Albrektsson et al. (1986) and Smith, Zarb (1989), during 
the first year of loading it is normal to loss until 1.5 the 2mm of peri-implant bone and 
0,2 mm in the subsequently years, however some negative factors, such periodontitis 
or bruxism, can accelerate this process. If the surface of the dental implant is exposed, 
it will favor the bacteria proliferating which could lead to failure.   
Traditionally, the peri-implant bone loss has been evaluated through 
periapical radiographies (Nyström et al., 2009; de Azevedo Vaz et al., 2013; de-
Azevedo-Vaz et al., 2016), however, this type of exam allows only to evaluate the level 
of mesial and distal alveolar crest, remaining the doubts in relation to the bone 
positioning in the vestibular and palatal face of the implant. According to literature, the 
evaluation of peri-implant bones of palatal and vestibular regions is especially 
important because of 2 factors: first, the vestibular region will suffer a higher 
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remodeling due the impact it receives when submitted to its function (Chiapasco, 
Romero, 2008); second, the standard of bone remodeling of the maxilla is centripetal, 
affecting mostly the vestibular bone board (Mazzoneto, 2008; Mazzonetto et al., 2012, 
Nóia et al., 2014; Nóia et al., 2015). For these reasons, in the present study it was used 
the CBCT to allow evaluation of the bone loss in the vestibular and palatal face of the 
implants. 
In this context, the objective of this study was to evaluate by Cone Bean 
Computed Tomography (CBCT) the bone loss around implants installed in 
reconstructed maxilla with autogenous iliac crest bone graft, aiming to correlate bone 
loss with the antagonist dental arch type. 
 




Ten (10) edentulous patients with maxillary atrophy (6 females and 4 males) 
were included in this study. They were referred to the Piracicaba Dental School, 
University of Campinas (FOP-UNICAMP) for reconstruction with bone grafts and 
rehabilitation with dental implants, during the period between 2008 and 2011. 
The mean age was 60 years (varying between 49 and 70 years old). After 
clinical and radiographic assessment these patients were diagnosed with Class IV, V 
or VI according to Cawood & Howell classification (1988) (Figure 1a-b). 
Patients with health conditions that contraindicated the surgical procedures 
were excluded from the sample, as well as those who did not return for control 
evaluation and/or abandoned the treatment. Patients with uncompleted medical 
records or who had doubts about the procedures were also excluded.  
 
Figure 1: A: Clinical intraoral view of alveolar ridge with severe jaw atrophy and included in the study. 







The surgical procedure was performed in a hospital center, with the patients 
under general anesthesia and nasotracheal intubation. At the beginning of the 
procedure, 2g of the antibiotic Cephalosporin (Kefazol®, Antibióticos do Brasil, São 
Paulo-Brazil) and 10mg of the steroidal anti-inflammatory drug Dexamethasone 
(Hypofarma®, Ribeirão da Neves-Brasil) were administered. 
An infiltration of 10ml with local anesthetics (Lidocaine 2%) with 
vasoconstrictor 1:100,000 (Xylestesin®, São Paulo-Brazil) was applied aiming to 
obtain hemostasis in the operative field. A trapezoidal mucoperiosteal flap was 
elevated in the region of alveolar ridge of the maxilla between the zygomatic pillars 
bilaterally. Subsequently, both maxillary sinus were assessed through the traumatic 
technique and the sinus lift elevation procedure was performed (Figure 2a-b). 
 
Figure 2: A: After mucoperiosteal flap elevation  was possible to evidence the existing bone atrophy. 
B: Antrosthomy. Notice the elevation of the sinus membrane creating a filling space with particulate 
bone graft. 
 
A cortical-medullary bone block was removed from the anterior iliac crest by 
an Orthopedist and divided in smaller blocks, then these blocks were compressed 
undergoing changes in their structure and improving predictability of the remodeling 
rate, which were installed in the alveolar ridge region and were fixed with 2.0x12mm 
titanium screws (Neortho®, Curitiba-Brazil). Particulated bone graft was placed 
between the bone blocks and inside the maxillary sinuses (Figure 3a-c). In order to 
avoid tension, a periosteal horizontal incision was made to facilitate the suture.  The 
mucoperiosteal flap was closed with running suture using reabsorbable wire (Vycril 4/0 




Figure 3: A: Bone block removed by the Orthopedist, smaller blocks were installed in the 
alveolar ridge and the remanescent bone was particulated to fill the maxillary sinuses and gaps. B: Bone 
blocks installed over the ridge. C: Maxillary sinuses and gaps between the blocks were filled with 
particulated bone. Notice the reconstruction homogeneity. 
 
The patients were discharged from the hospital in the first day following the 
operation and instructed to not make use of the prosthesis on the grafted area in the 




Four months after reconstruction, the patients were submitted to CBCT 






Figure 4: Through CBCT it is possible observe the excellent result achieved with the reconstruction. 
 
An infiltration of 10ml with local anesthetic (Mepivacaina 2%) with 
vasoconstrictor 1:100,000 (DFL, São Paulo-Brazil) was applied aiming to obtain 
anesthesia and hemostasis in the operative field. A mucoperiosteal flap in the alveolar 
ridge area of the maxilla extended bilaterally between the zygomatic pillars was 
elevated, the bone graft fixation screws were removed firstly. According to reverse 
planning, a surgical guide was made for drilling and to optimize dental implant 
installation (Figure 5a). Between 6 and 8 external hexagon implants were installed in 
each patient (Figure 5b) and left to heal for six months. Wound closure was performed 
using 3-0 silk wire (Ethicon, Rio de Janeiro-Brazil) for closing by primary intention. 
 
Figure 5: A: After mucoperiosteal flap elevation, the bone graft fixation screws were removed. B: 




The patients received the postoperative instructions and were periodically 
evaluated by the surgical team until the 6th month after the implant installation. In this 




Six months after dental implant placement, the patients were submitted to a 
new radiographic exam (Figure 6a) and a reopening surgery for installation of healers 
(second surgical phase) was performed. Finally, patients were referred for prosthetic 
treatment. 
All the patients were rehabilitated with acrylic resin implant-supported 
complete denture (Figure 6b) and instructed about hygiene care, as well as periodic 
control at every 6 months. 
 
Figure 6: A: Imaging exam evidencing 8 dental implants, as well as the adequate parallelism and 




Through revision of medical records, clinical and tomographic evaluation of 
the patients, the following information were collected and analyzed: 
 Age: Age of the patient when submitted to reconstructive surgery. 
 Gender: Male or female. 
 Smoker: Patients making daily use of cigarettes. 
 Installed implants: Number of implants installed over grafted area. 
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 Follow-up time: Period between the installation of the implants and the 
current date. 
 Current implants: Current number of implants. This verification was 
performed through CBCT to which the patients were submitted. 
 Peri-implant bone loss: Through CBCT, the same examiner measured 
the distance between the junction of the implant with the abutment until the 
bone crest (Figure 7) by using the software Dolphin Imaging® 11.5 (Dolphin 
Imaging and Management Solutions, Chatsworth-EUA). This measurement 
was performed in the vestibular and palatal surfaces of each implant, 
obtaining the average vestibular and palatal bone loss in each patient, as 
well as the average bone loss of each patient.  
 
Figure 7: CBCT evidencing the measurement method of bone loss around the implants. 
 Antagonist arch: It was sought to evaluate the type of rehabilitation 
present in the arch, being classified as the following: patients with 
permanent dentition (patients with natural teeth in the jaw), patients with 
Implant-supported complete denture  (patients with Implant-supported 
complete denture  over mandibular implants), patients with partial 
removable prosthesis + permanent dentition (patients with removal partial 
denture and natural teeth in the anterior region), and patients with partial 
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edentulism (patients with anterior natural teeth and posterior toothless 




For statistical analysis it was applied the ANOVA test, with post hoc Tukey’s 
test. To verify the correlation between peri-implant bone loss and the antagonist arch 




A total of 76 external Hexagon implants were installed, the average of 
installed implants per patient was 7.6 implants. The average time of follow-up per 
patient was 7.9 years (Table 1).  





1 58 F N 8 7 
2 49 F N 7 7 
3 52 F N 8 7 
4 62 F N 8 8 
5 67 M N 6 9 
6 55 M N 8 9 
7 70 M N 8 8 
8 65 M S 8 7 
9 60 F N 7 8 
10 62 F N 8 9 
Mean 60 ________ ________ 7.6 7.9 
Table 1: General Characteristics of the studied population. 
 
Only one patient of the sample was a smoker, with 8 implants installed and 
7 years of follow-up. No complication was observed in this patient so far. 
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The average of vestibular bone loss was 5.06 mm, the average of palatal 
bone loss was 2.82mm being the total average bone loss (considering the average 
vestibular and palatal bone loss) was 3.94mm (ranging from 2.01mm to 6.64mm) 
(Table 2). 
Table 2: Results found regarding current implants, bone loss and antagonist arch. 
 
The most frequent antagonist arch type was the Implant-supported 
complete denture  (n= 5), followed by the permanent dentition (n=3), partial edentulism 
(n=1) and removable prosthesis + permanent dentition (n=1). The averages and 
standard deviations of peri-implant bone loss according to the antagonist arch type can 
be found in Table 3. According to the statistical analysis applied, there was no 
statistically significant difference considering peri-implant bone loss and the antagonist 
arch type (p=0.262). There was no correlation between antagonist arch and peri-














1 8 3.99 2.73 3.36 Implant-supported 
complete denture  
2 7 2.38 2.20 2.29 Permanent 
dentition 
3 8 4.39 3.99 4.19 Implant-supported 
complete denture  
4 8 8.38 4.89 6.64 Permanent 
dentition 




6 7 4.64 4.47 4.56 Permanent 
dentition 
7 8 7.57 3.67 5.62 Implant-supported 
complete denture  
8 8 2.45 1.56 2.01 Implant-supported 
complete denture  
9 7 3.04 1.71 2.37 Partial edentulism 
10 8 10.0 1.96 5.98 Implant-supported 
complete denture  
Mean  7.5 5.06 2.82 3.94 ___________ 
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Antagonist arch type   Bone loss    P-value 
 Mean SD Min – Max 0.262 
Permanent dentition 3.89 3.00 0 – 10 
Implante-supported 
complete denture  
4.13 3.02 0 – 10 
RP + Permanent 
dentition  
2.46 2.78    0 – 10,5 
Partial edentulism  4.56 2.20     2.81 – 10 
Table 3: Mean values and standart deviations of peri-implant bone loss according to the antagonist 




Although the treatment with dental implants is considered predictable and 
with high success rates (Anitua et al., 2014), there is few studies with a long follow-up 
period of dental implants installed in reconstructed areas, it becomes even more 
scarce when it comes to the area reconstructed with iliac crest grafting. In this sense, 
this work is quite peculiar because it evaluated the survival of implants and the peri-
implant bone loss in patients with reconstructed maxilla using autogenous iliac crest 
graft, correlating with peri-implant bone loss and antagonist arch type.  
Several studies have shown that peri-implant bone loss when evaluated by 
periapical radiographic examinations is about 2-3 mm after 10 years of function 
(Nyström et al., 2009, Anitua et al., 2014, Quiles et al., 2015, Fretwurst et al., 2015). 
According to our study that evaluated the bone loss through CBCT, with a follow-up of 
7.9 years in function, this bone loss was 3.94mm. Although our study showed a greater 
result of bone loss, it evaluated the region of greatest clinical relevance (vestibular 
face), and therefore, it can be considered more reliable. Another important factor is 
that from the clinical point of view no patient reports pain, or presents signs of peri-
implantitis. 
In 2008, Misch stated that the antagonist arch is one of the factors that 
should be considered when evaluating the peri-implant bone loss, since the 
masticatory force and the force vectors involved during chewing are different in a 
patient with natural dentition when compared to a patient with removable prosthesis or 
hybrid prostheses over implants. Our results contrasts with the statements by Misch 
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(2008) and opposes the results presented by Anitua et al., (2014) who found that the 
antagonist arch type significantly affected the peri-implant bone loss.  
A possible explanation for the absence of significant differences in relation 
to the type of antagonist arch is related to biomechanics, associated to the three-
dimensional positioning of the implants and the mode of distribution of occlusal forces. 
In the present study, all implants were splinted, which allowed the masticatory force 
applied by the antagonist arch to be homogeneously distributed throughout all implants 
It has been reported in the literature a problem regarding the generation of 
artifacts when CBCT is used for this type of evaluation (de-Azevedo-Vaz et al., 2016). 
Thus, the authors clarify that the CBCT were performed using resources to decrease 
the generation of such artifacts (tool reduction of activated artifacts, increase of 
Kilovoltage peak (Kvp) and decrease the field of vision (FOV and Voxel)) during the 




Despite the existence of considerable bone loss around the implants 
rehabilitateds with Implant-supported complete denture, no correlation with the 
antagonist arch was observed. Future studies should consider greater sample size with 
more extensive period of follow-ups. 
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2.3 Artigo: Split crest technique with immediate implant to treat horizontal 
defects of the alveolar ridge – analysis of increased thickness and survival of 
implants 
Carolina Santos Ventura de Souza*; Bruno Costa Martins de Sá; Douglas Goulart; 




Objective: To assess the increased bone thickness and survival of implants in ridges 
with horizontal atrophy which have been managed through Split Crest technique with 
concomitant installation of dental implants. 
Materials and Methods: Thirteen patients with maxillary bone atrophy underwent 
surgery and had their bone thickness assessed through Cone Beam Computed 
Tomography (CBCT) held 6 months pre- and post-operatively. Comparative 
measurements of initial and final bone height and thickness were performed through 
Dolphin Imaging® 11.5 software. The distance between the nasal fossa floor or the 
maxillary sinus to the alveolar bone crest determined the bone height, while the 
measurement of bone thickness took into account the distance between the vestibular 
cortical bone and the palatal cortical bone at the crest bone level, at 5 mm and 10 mm 
thereof. 
Results: Bone height loss was 0.68mm, and that result is statistically significant 
(p=0.01). Average horizontal bone gain was 2.97 mm, and it is statistically significant 
in the 3 regions assessed (p<0.01). No complications were associated with the surgical 
procedures, and 23 implants were installed following the surgical expansion. No 
implant was lost (100% survival).  
Conclusions: The Split Crest technique proved to be viable and predictable, allowing 
for a significant increase in the ridge thickness and a high percentage of implants 
survival. 










The function of the alveolar process is to support teeth, and the loss of that 
function leads to a gradual, chronic and cumulative reabsorption in the region. That 
physiological process of bone resorption by itself or mainly when associated with 
traumas, pathologies and traumatic dental extractions constantly results in bone 
defects which represent a real difficulty for the installation of dental implants (Nóia et 
al., 2017). 
The horizontal defects of the alveolar ridge hinders the implant-supported 
rehabilitations due to the lack of sufficient bone volume to support the dimensions of 
the implants, thus affecting the final prosthetic result, both from a functional and an 
aesthetic point of view (Chiapasco et al., 2006). 
The gold standard for the treatment of atrophic horizontal ridges is still the 
use of autologous bone grafts harvested from intra- or extra-oral donor areas of the 
subject and used in the form of blocks or particulates. Although these modalities of 
treatments have high success rates and low rates of complications described in 
literature, the complaint of morbidity related to the removal of the graft of a second 
surgical area of the patient required the search for alternative techniques.(Sbordone et 
al., 2012) 
In this sense, the technique of surgical expansion of the alveolar ridge, also 
known as the Split Crest technique, consists of horizontal and vertical osteotomies 
intended to remove vestibular and lingual/palatal bone cortices, creating a space that 
allows the simultaneous installation of the implants and filling with biomaterials (Filho 
and Araújo, 2007). The main advantages of such technique are the fact that it allows 
the installation of implants in the same surgery, which decreases the number of 
surgical procedures and the time of treatment for the patients; and especially the fact 
that it does not need a donor area to remove grafts, which reduces the morbidity and 
the complication rate for the patients (Figliuzzi et al., 2016). 
The Split Crest technique, in addition to the fact that it does not require a 
donor area to remove the graft, makes it possible to install dental implants in the same 
operative procedure, decreasing morbidity, treatment time, number of surgical 
procedures and even the risk of complications to the patients, and, therefore, more 
easily accepted. (Bassetti et al., 2016).  
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The purpose of this study was to assess the increase of bone thickness and 
survival of implants in the ridges of patients who had horizontal atrophy and were 
treated using the Split Crest technique with simultaneous installation of dental 
implants. 
 




 A total of 13 patients (10 women and 3 men), with average age of 44.2 years 
(ranging from 28 to 56 years), seeking treatment for the installation of dental implants 
were included in the sample and, after clinical and tomographic assessment (CBCT) 
(Picasso Trio CTBC unit- Vatech, Hwaseong, Republic Corea- 80kvp,3.7 mA, scanning 
time of 24s and Voxel size of 0.2mm- FOV 80x80mm)  were diagnosed with horizontal 
atrophy in the anterior maxilla region (region of incisors, canines and/or premolars), 
with linear remanscent border without large concavities, with a mean thickness varying 
from 3.44 to 5.07 and requiring bone grafting for adequacy. All the patients had their 
bone atrophies treated through the Split Crest technique with simultaneous installation 
of dental implants. In all cases, the gaps between osteotomized segments were filled 
with bovine biomaterial.  
 
Table 1: Sample characteristics. 
 
Patients Age Gender Lost Teeth 
Region of Installed 
Implants  
     1 34 M 12, 11, 21, 22 12; 22 
2 29 F 22 22 
3 44 F 11, 12 11;12 
4 52 F 12, 11, 21, 22 12; 22 
5 28 F 22 22 
6 38 M 14, 15 14; 15 
7 28 F 22 22 
7 46 F 13, 14 13; 14 
9 56 F 11,12,21,23 11; 21 
10 51 F 11,12,21,22 12; 22 
11 55 F 13, 14, 15 14; 15 
12 48 F 11,12,21,22 12; 22 
13 56 M 11,12,21,22 12; 22  
Average 44.2 _______ ________  
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All surgical procedures were conducted by two surgeons according to a 
standardized surgical technique. The study protocol was explained to each subject, 
and an informed consent form was signed by each one of them. 
Patients with health conditions that contraindicated the surgical procedures; 
patients with another type of bone defect other than the horizontal one; patients with a 
horizontal defect other than that in the anterior region of the maxilla; patients with 
horizontal defect in the anterior region of the maxilla, but without enough bone 
thickness to perform the Split Crest technique; patients in whom it was not possible to 
install the implant simultaneously with the Split Crest technique, as well as those who 
did not return for control assessments/exams and/or who abandoned treatment, were 




All patients were given oral steroidal anti-inflammatory (dexamethasone 
4mg - Hypofarma, Ribeirão da Neves - Brazil) and antibiotic (Amoxicillin 1g - Ranbaxy, 
Arsenal - Brazil) drugs one hour before the procedure. 
The surgical procedure was initiated with an anesthetic infiltration with 2% 
lidocaine solution with vasoconstrictor 1:100.000 (Dfl, Rio de Janeiro - Brazil), followed 
by an incision with scalpel blade number 15 (Solidor, Osasco - Brazil) in the alveolar 
ridge of the anterior region of the maxilla, associated with two relaxing incisions. A 
careful mucoperiosteal detachment of the incised area was performed and horizontal 
and vertical osteotomies were made in order to allow the separation of the bone 




Figure 1: CBCT showing dental absences in the previous region of the jaw. Notice the presence of a 
bone thickness around 3mm in the tomographic sections, as well as the presence of bone marrow 
structure between the vestibular and palatal cortices. 
 
 
Figure 2: After mucoperiosteal incision and detachment, horizontal and vertical osteotomies were 
performed in order to facilitate the bone expansion process. All osteotomies were performed with a 701 
frustoconical drill (Jet, Rio de Janeiro - Brazil) coupled in a straight part (Kavo, RibeirãoPreto - Brazil). 
 
Following the surgical procedure, the rotary expander kit (Supremo, São 
Paulo - Brazil) was used sequentially (from the smallest to the largest caliber), 
according to manufacturer's recommendations, until sufficient bone expansion was 





Figure 3: Rotary expander kit. Notice that the kit starts with a spear cutter and has expanders of different 
calibers. Expanders should be used in sequence until a caliber close to the thickness of the implant that 
will be installed. 
 
 
Figure 4: Separation of bone cortices through the use of expanders. Notice that as it is used, a gap is 
created between bone boards. 
 
 
Figure 5: Dental implants installed ((Due cone 3.5x9, Implacil de Bortoli, São Paulo - Brazil) after 
expansion of bone cortices. In this case, implants were installed in the region of elements 12 and 21. 
Notice the gap between bone cortices. 
 
All the gaps and areas of thread exposures of the implants were then filled 
with biomaterial of bovine origin (Lumina-Porous, Critéria, São Carlos - Brazil) and 
covered with a collagen membrane (Lumina Coat Doble Time, Critéria, São Carlos - 
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Brazil) in order to homogenize all the reconstruction (Figure 6). Suture with a Vycril 4-
0-type reabsorbable wire (Ethicon, Rio de Janeiro-Brasil) was carried out in the 
intraoral incisions in order to obtain closure by first intent. 
 
Figure 6: Clinical aspect after filling the gaps with biomaterials. Notice the reconstruction homogeneity. 
 
All patients were treated with non-steroidal anti-inflammatory (Nimesulide 
100mg Q12H for 3 days - Aché, Guarulhos - Brazil) and analgesic (Dipyrone 
monohydrate 1g Q6H for 3 days - Sanofi-Aventis, Suzano - Brazil) drugs in the 
postoperative period, and also received instructions to follow. 
Six months after placing the implants, the patients were submitted to a new 
CBCT and a reopening surgery for the installation of healers (second surgical phase), 
then they were referred to the prosthetist for prosthetic rehabilitation over the implants 




Figure 7: CBCT showing a considerable increase in alveolar thickness, as well as an adequate 
positioning of dental implants. 
 
 




CBCT was used to assess the increase in bone thickness of patients who 
were treated though the Split Crest technique, with simultaneous installation of dental 




The measurements were performed by a single examiner, using Dolphin 
Imaging® 11.5 software (Dolphin Imaging and Management Solutions, Chatsworth - 
USA), according to the following parameters:  
- Bone height (Figure 9A):  
Distance between the nasal fossa floor or maxillary sinus and the alveolar 
bone crest. 
- Bone thickness (Figure 9B):  
A - Distance between the vestibular cortical and palatal cortical bones in the 
alveolar bone crest. 
B - Distance between the vestibular cortical and palatal cortical bones at 
5mm from the alveolar bone crest. 
C - Distance between the vestibular cortical and palatal cortical bones at 
10mm from the alveolar bone crest 
 
 
Figure 9: A: Bone height measurement performed in the center of the alveolar bone crest. From a fixed 
point of the floor of the nasal fossa to the region of the ridge crest. B: Bone thickness measurement 
performed at the level of the alveolar bone crest, 5 and 10mm thereof. 
 
These measurements were repeated for each patient according to each 




A descriptive and comparative analysis was performed using the computer 
software Statistical Package for Social Sciences, version 18.0 (SPSS Inc., Chicago, 
IL, USA). The sample presented a normal distribution (Shapiro-Wilk test) and 
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homogeneity of variances (Levene's test), so parametric tests were used. The paired 
t-test was used to compare bone width values, and bone thickness gain was compared 
according to the gender using the t-test. For bone height, initial and final height 
measures did not show homogeneity of variances, so non-parametric tests were used. 
Wilcoxon's test was used to assess height loss, and bone height loss was compared 




Bone height measurement showed that patients had an average of 
18.27mm in the preoperative period, whereas in the postoperative period, such 
average height decreased to 17.59mm, thus showing a vertical loss of 0.68mm, which 
was statistically significant (p=0.01) (Table 2).  
 
Table 2: Results of the statistical analysis to assess the bone height loss through Wilcoxon’s test. 
 
As for bone thickness, it was 2.92mm in the crest, 4.35mm to 5mm from the 
crest and 5.74mm to 10mm from the crest preoperatively. For the 6-month 
postoperative period, these values increased to 6.37mm in the crest, 7.38mm to 5mm 
from the crest and 8.61mm to 10mm from the crest, and these results are statistically 
significant in the 3 regions assessed - p<0.01 (Table 3). The thickness gain was 
2.97mm when the average of the 3 regions assessed in the pre- and post-operative 
periods was considered.  
 
Hight N Mean Standart Deviation P= 
Initial 13 18.27 3.15569 
0.01 
Final 13 17.59 3.00803 
Table 3: Comparative assessment of bone thickness measures before and after conduction of the Split 
Crest technique according to each region assessed - paired (t-test). 
 Mean N Standart Deviation P 
Initial bone thickness - Crest 2,9223 13 0,34162 
<0,01 
Final bone thickness - Crest 6,3700 13 0,66371 
Initial bone thickness - 5mm 4,3592 13 0,61002 
<0,01 
Final bone thickness -  5mm 7,3846 13 0,61256 
Initial bone thickness - 10mm 5,7485 13 0,85767 
<0,01 
Final bone thickness -  10mm 8,6192 13 0,69313 
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No complications with Split Crest surgeries were observed. A total of 23 
implants were installed in 13 patients of the sample, amounting to an average of 1.7 
implants per subject. Morse Cone connection was used in all cases. Most implants 
used were 3.5x9mm in diameter and height (12 of 23 sample implants), followed by 
3.5x11mm implants (6 implants). The average follow-up time of patients after 
conduction of the Split Crest technique was 18.3 months, with the shortest follow-up 
time of 7 months and the longest follow-up time of 36 months. No implant was lost 
during the assessment period, corresponding to 100% survival (Table 4). 
 















1 No 2 0 CM 1- 3.5x11mm 
2- 3.5x11mm 
36  
2 No 1 0 CM 3.5X11mm 18 
3 No 2 0 CM 1- 3.5x11mm 
2- 3.5x11mm 
30  
4 No 2 0 CM 1- 3.5x11mm 
2- 4.0x9mm 
24  
5 No 1 0 CM 4.0x11mm 12  
6 No 2 0 CM 1-4.0x11mm 
2- 4.0x11mm 
35  
7 No  1 0 CM 3.5X9.5mm 30  
8 No 2 0 CM 1-3.5x9mm 
2-3.5x9mm 
12  
9 No 2 0 CM 1-3.5x9mm 
2-3.5x9mm 
12  
10 No 2 0 CM 1-3.5x9mm 
2-3.5x9mm 
7  
11 No 2 0 CM 1-3.5x9mm 
2-3.5x9mm 
7  
12 No 2 0 CM 1-3.5x9mm 
2-3.5x9mm 
7  
13 No 2 0 CM 1-3.5x9mm 
2-3.5x9mm 
7  






Several surgical materials and techniques have been developed and are 
widely used in Implantology for the reconstruction of areas with bone atrophy. In this 
sense, the readjustment of the alveolar ridge for the installation of dental implants can 
be performed through the use of autogenous, heterogenous, allogenic or synthetic 
grafts or growth factors, and they may be used both in particulate form or in blocks (RG 
and Schow, 1996).  
The use of autogenous grafts is still considered the gold standard in 
literature due to its large osteogenic, osteoinductive and osteoconductive potential. 
However, the need for a second surgical site as donor area, the longer operative time 
and even the need for a hospital environment in cases of use of the extraoral donor 
regions, make such modality of treatment to result in greater morbidity and risks of 
complications to the patients, therefore making it more difficult for them to accept. 
 The Split Crest Technique it is recommended for treatments of horizontal 
bone defects that present a remnant thickness around 3.0mm, as the bone marrow is 
more flexible and vascularized, with much easier expansion, less tendency to fracture 
and easy revascularization in the postoperative period (Agabite et al., 2017). Our study 
evaluated a mean in the three points ranging from 3.44 to 5.07, finding values smaller 
than 3mm when evaluating only the osseous crest, which did not represent a decrease 
in the success rates found 
 Cases with remnants smaller than 3.0mm tend to be very corticalized and 
have little or no bone marrow structure, making it difficult to expand and facilitating 
fracture, so it is more indicated the use of block autogenous graft, particulate 
autogenous graft associated with titanium mesh techniques, and the like. However, the 
present study carried out the expansion in ridges with thicknesses of less than 3 mm 
in the alveolar bone crest without procedure intercurrences or postoperative 
complications. 
According to the literature, the survival rate of implants installed in sites 
where the Split Crest technique was conducted varies from 93% to 100% (Garcez-
Filho et al., 2015; Bruschi et al., 2017), which are supported by the results of this study, 
where a total of 23 implants were installed and a survival rate of 100% was found in 
the follow-up (average of 18.3 months postoperatively). 
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The average bone height loss in the alveolar ridge was 0.68mm at the six-
month postoperative assessment, which was not significant from the clinical point of 
view, but statistically significant according to the statistical analysis. Men presented 
higher bone loss (1.16mm) when compared to women (0.54mm), and these results 
were statistically significant. The authors found no other work in literature in which the 
measurement of height loss, as well as its comparison between genders, has been 
performed, which makes this work quite peculiar. 
Such bone loss might be mainly attributed to the surgical technique 
employed by using drills, and not to a peri-implant bone remodeling, since the implants 
were still not loading at the time of measurement. Loss of height may also have 
occurred due to little quantity of bone in the ridge, and a very thin bone, which would 
have a chance of necrosis more easily.  A way to minimize such bone loss caused by 
the surgical technique may be using oscillatory instruments (ultrasound) (Blus and 
Szmukler-Moncler, 2006), however, Waechter et al., in a systematic review and meta-
analysis study, showed that the result varies little with the use of drills or ultrasound for 
making the osteotomies (Waechter et al., 2017).  
The average bone thickness gain was 2.97mm, and it is statistically 
significant in all regions assessed (crest, 5 and 10mm of the crest). Such gain was 
1.88mm for men and 3.30mm for women, although the statistical analysis revealed no 
significant differences. According to Waechter et al., any increase in bone thickness 
can be considered as success of the technique. According to this author, the average 
thickness increase is 3.80mm when the measurement is performed on the crest of the 
ridge (Waechter et al., 2017). This result was higher than the one obtained in this study, 
however, in our study it was standardized not only to assess the thickness of the ridge 
crest, but also the thickness at 5 and 10mm thereof, which could, make these results 
more complete and reliable. 
Complication rates associated with the procedure are low. The main 
complication found in literature is the fracture of the vestibular bone board. According 
to Shibuya et al., the undesirable fracture of the vestibular segment most commonly 
occurs in the mandible and does not prevent the procedure, since fastening by means 
of screws may be performed and the implants may be installed as initially planned 
(Shibuya et al., 2014). No complication has been observed in this study, which 
supports the results of low complication rate associated with this technique when 





The Split Crest technique proved to be feasible and predictable, providing a 
significant increase in the thickness of the ridge, absence of complications, high 
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Diversas técnicas de reconstruções ósseas que possibilitam as 
reabilitações com implantes dentários são descritas na literatura como opções 
modernas e capazes de propiciar tratamentos cada vez mais previsíveis. Porém, a 
literatura ainda é muito variada em relação às taxas de sucesso dessas técnicas, à 
sobrevivência e perda óssea dos implantes instalados nessas regiões enxertadas. 
Taxas de sobrevivências semelhantes a implantes instalados em áreas não 
reconstruídas foram observadas por Sjöström e colaboradores, 2017, em 25 pacientes 
submetidos a reconstrução com enxerto de crista ilíaca e a instalação de 192 
implantes, com taxas de sobrevivência de 90% em um acompanhamento médio de 3 
anos, com  alteração no nível ósseo marginal  de 0,3 ± 0,3mm. Dos 20 implantes 
perdidos, 12 ocorreram de forma precoce e as pacientes do gênero feminino 
apresentaram maior chance de apresentarem falha nos implantes. Em nosso estudo 
o gênero não significou um fator de risco para perda de implantes, uma vez que o 
único implante perdido foi em um paciente do gênero masculino e de forma tardia. 
 Avaliações semelhantes, com implantes instalados tardiamente em áreas 
reconstruídas com enxerto de crista ilíaca foram feitas por Misch and Dietsh, 1994, 
Moraes et al. 2015, Sakkas et al.2017 e Sbordone et al. 2012, que encontraram dados 
sobre a sobrevivência de implantes de 99%, 88.70%, 99.60% e 100%, com tempo de 
acompanhamento variando de 36 meses há 10 anos e com reabilitações protéticas 
variadas em cada caso. No presente estudo, a taxa de sobrevivência foi de 98.60%, 
com a perda de um único implante, sendo essa perda do tipo tardia. Todos os 
pacientes avaliados no estudo tiveram acompanhamento médio de 7.9 anos, e foram 
reabilitados com prótese superior tipo protocolo. 
Apesar da morbidade associada ao procedimento, da necessidade de um 
ambiente hospitalar, do tempo de tratamento associado, e das complicações relatadas 
(Barone et al., 2011), em concordância com a literatura o grupo avaliado, por meio do 
questionário de satisfação aplicado, apresentou 100% de satisfação com o 
tratamento, porém diferentemente do relatado na literatura, não apresentaram 
nenhuma queixa de complicação.  
 A técnica de Split Crest apresentada, demonstrou  vantagens em relação 
a reconstrução com enxerto de crista ilíaca na morbidade do tratamento, pois não há 
necessidade de um segundo sitio cirúrgico como área doadora do enxerto, 
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consequentemente não tendo necessidade nem de um ambiente hospitalar, nem de 
uma equipe médica secundária, e demonstrou-se vantajosa também em relação aos 
custos e ao tempo de tratamento, uma vez que na mesma sessão é possível realizar 
a expansão do rebordo e instalação dos implantes. 
Os índices de complicações descritos na literatura associados ao 
procedimento são baixos, a incidência mais comum encontrada são os casos de 
fraturas indesejadas da parede vestibular que estão mais associadas ao osso 
corticalizado do que com a técnica descrita, (Brugnami et al., 2014).No trabalho 
proposto não foram encontrados nenhum tipo de complicação relacionada ao 
procedimento ou descritas pelos pacientes no pós-operatório. 
A literatura indica a utilização da técnica em rebordos com a espessura 
mínima de 3mm (citação), devido a corticalização da parede óssea que teria uma 
menor vascularização além de aumentar o risco de fraturas indesejadas. Em nosso 
estudo a média obtida da espessura nos três pontos mensurados foi de XX, porém ao 
avaliarmos a espessura somente da crista óssea encontramos resultados menores do 
que 3mm, sem prejuízo da expansão obtida ou aumento nos índices de complicação.  
As taxas de sobrevivência de implantes instalados em rebordos expandidos 
pela técnica de Split Crest encontradas na literatura são semelhantes às dos implantes 
instalados em áreas não enxertadas (Cortese et al., 2016; Waechter et al., 2017) e  
variam de 93% a 100%, compatível aos resultados encontrados no presente estudo 
com 100% de sobrevivência. O  acompanhamento médio encontrado na literatura 
variou entre 3 meses e 10 anos (Garcez-Filho et al., 2015) enquanto que em nosso 
estudo o menor acompanhamento foi de 7 meses e o maior de 36 meses, 
representando um acompanhamento médio de 18.3 meses.  
A questão da espessura total e do ganho ósseo em rebordos atróficos em 
que a técnica Split Crest é aplicada vem sendo cada vez mais discutida na literatura. 
Waechter et al. 2017, em sua revisão sistemática considerou qualquer aumento no 
espessamento da crista óssea alveolar como bem sucedido, e avaliou um aumento 
médio de 3,8mm. Esse resultado foi compatível com nossos achados, pois ocorreu 
um aumento na espessura do rebordo em todos os pacientes, com um ganho médio 
de 2.97mm. No estudo apresentado as medições foram realizadas em três pontos 
distintos (na crista alveolar, a 5mm da crista e a 10mm da altura da crista) com ganho 
médio considerando esses três pontos, enquanto na literatura os valores obtidos são 
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apenas resultados da expansão na crista alveolar, tornando nosso estudo mais 





































1 O enxerto de crista ilíaca utilizado nas reconstruções de rebordos com 
atrofias severas propiciou adequada sobrevivência dos implantes e satisfação dos 
pacientes.  
2 Nenhuma correlação com o tipo de arcada antagonista foi observada.  
3 A técnica de Split Crest mostrou-se viável e previsível, propiciando um 
aumento significativo na espessura do rebordo, ausência de complicações, alto 
percentual de sobrevivência dos implantes e diminuição do tempo e morbidade do 
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APÊNDICE 1: Artigo 3 - Explicação da medição das tomografias 
 
Com a tomografia no formato DICOM aberta no programa dolphin, foram 
utilizadas referências anatômicas para garantir a medição nas mesmas regiões 
(mesmos cortes tomográficos) no período pré e pós-operatório. 
 
 
Baseado na tomografia pós-operatória foi realizada uma linha de orientação 
vertical na sutura intermaxilar e outra no longo eixo do implante (a linha vertical do 
centro do implante determinou o corte tomográfico em que foi realizada a medição 
pós-operatória. Nos casos de mais de um implante foi calculada a média da espessura 




Na sequência uma linha de orientação horizontal foi realizada tangenciando 
o soalho da fossa nasal ou do seio maxilar, seguido de linhas horizontais envolvendo 
a região de ápice e porção média do implante. 
 
A partir disso foram medidas as distancias entre as linhas verticais (3 
distâncias), bem como entre as linhas horizontais. 
 
 
Essas linhas de referências, bem como as respectivas distâncias foram 
transferidas para a tomografia pré-operatória com o objetivo de determinar o corte 







Medição da altura óssea (distância de um ponto fixo do soalho do seio 





Medição da espessura óssea (distância entre a face vestibular e palatina 




Essas medições foram repetidas em cada paciente, de acordo com cada 
período da amostra. Nos casos que envolviam a medição de regiões com ausência 
de mais de um dente, em que foram colocados mais de um implante dentário, foi 
calculada a média da espessura dos locais em que os implantes foram instalados 
















APÊNDICE 2: Artigo 3 -  Descrição dos resultados nos três pontos mensurados 































P.S.C 2.94 5.01 5.93 4.62 6.05 7.62 8.90 6.09 1.47 No 
C.M.S 3.15 5.40 6.10 4.88 7.25 8.40 9.55 8.40 3.52 No 
J.K.C 3.03 5.00 6.03 4.68 6.80 7.93 8.70 7.81 3.13 No 
M.A.S 2.82 4.10 5.90 4.27 6.78 7.31 8.00 7.36 3.09 No 
L.G 2.90 4.19 5.87 4.32 6.99 7.65 8.08 7.57 3.25 No 
P.R.S 2.78 3.96 4.88 3.87 5.92 7.09 7.89 6.96 3.09 No 
A.S.B 3.00 4.08 5.55 4.21 6.34 8.15 9.16 7.88 3.67 No  
M.D.S 2.83 3.46 4.04 3.44 7.30 7.01 8.33 7.54 4.11 No 
L.A.S.L 2.44 4.06 6.17 4.22 5.95 7.24 8.97 7.38 3.16 No 
R.M 3.40 3.46 4.70 3.85 6.00 7.46 9.45 7.63 3.78 No 
F.A 2.16 4.41 7.18 3.93 5.23 6.00 9.38 6.87 2.94 No 
L.H 3.21 5.06 6.94 5.07 6.75 7.28 8.35 7.46 2.39 No 
J.G 3.33 4.48 5.44 4.41 5.45 6.86 7.29 6.53 1.08 No 
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